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ABSTRACY

Both the rhenium and technetium homodinuclear porphyrins are centrosymmetric
complexes having two metals bonded to the porphyrin, one above and one below the
Plane of the macrocycle while the porphyrin macrocycle is highly distorted. The
metal ions are not positioned directly over the center of the macrocycle, but are
set to one side such that each metal ion is bonded to three nitrogen atoms. There
is a small but significant difference in the metal-metal distance, with the Tc-Tc
distance being 0.02 A shorter. The M-M distance (3.101 X for the Tc complex) though
somevwhat long for bonding is short enough that some metal-metal interaction may be
possible. Due to the observed similarity in borh their chemical and physical prop-
erties, it was assumed that not only the homo- =nd heterodinuclear metalloporphyrins
but also the monometallic porphyrin complexes v Re and Tc have similar structures.
A fluxional character of both Re and Tc¢ m. aometallic porphyrin complexes was ob~
served by variable-temperature pmr spectre. studies. This fluxional phenomenon is
best explained by the intramolecular rearcangement of the metal-carbo.. ' group among
the four ring nitrogen atoms of porphyrir and a concomitant movement of the N-H
proton. A novel therual disproportionat' - of H-MP)Te(CO). to MP-[Tc(CO) ]2 and
HQMPIXDME was also observed. 3 3
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Unusual Metalloporphyrin Compiexes of Rhenium and Technetium]

M. Tsutsui*, C. . Hrung, D. Ostfeld2 and T. S. Srivastava
Contribution from the Department of Chemistry,
Texas A&M University, College Station, Texas 77843
D. L. Cullen and E. F. Meyer, Jr.
Contribution from the Department of Biochemistry and Biophysics,

Texas Agricultural Experiment Station,
Texas A&F University, Co'lege Station, Texas 77843

Abstract: .

By reaction of dirhenium decacarbonyl, Rez(co)]o, or ditechnetium
decacarbonyl, TCZ(CO)IO’ with mesoporphyrin IX dimethyl ester, H,MPIXDME,
or meso-tetraphenylporphine, HZTPP; monometallic and bimetallic por-
phtiyrin complexes of rhenium and technetium were synthesized. Visible
spectroscopy indicates that first the monometailic and then the bi-
metallic porphyrin complex is formed . The monometallic complex of
rhenium can furtner react with either Rez((:())]0 or T(:Z(CO)]0 to form
the homo- and heterodinuclear metalloporphyrin complexes. Structural
data for the homodinuclear metalloporphyrin complexes of both rhenium
and technetium, TPP[Re(C0)3]2 and TPP[Tc(C0)3]2,\were obtained by single
crystal X-ray diffraction,

Both the rhenium and technetium homodinuclea: porphyrins are cen-
trosymmetric complexes having two metal< bonded to the porphyrin, one
above and one below the plane of the macrocycle while the porphyrin ma-
crocycle is highly distorted. The metal ions are not positioned directly

over the center of the macrocycle, but are set to one side such that each

metal ion is bonded to three nitroger atoms. There is a small but signi-
ficant difference in the metal-metal distance, with the Tc-Tc distance being

0.02°k shorter. The M-M distance (3.101 A for the Tc complex) though some-
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what long for bonding is short enough that scme metal-metal interaction
may be possible. Due to the observed similarity in both their che "cal
and physical properties, it was assumed that not only the home- and
heterodinuclear metalloporphyrins but also the monometallic porphyrin
complexes of Re and Tc have similar structures. Proton mag.2tic re-
sonance spectrﬁm of (H-TPP)Re(CO)3 gave evidence for the proposed struc-
tureﬁof_the monometallic porphyrin complexes. In'the monometallic com-
plexes.‘the porphyrin acts as a tridentate instead of a tetradentate 11-
gand, while in the bimetaliic complexes, the porphyrin acts as a hexa-
dentate ligand; both of these are considered non-classical coordination
numbers for the perphyrin ligand. A fluxional character of both Re and
Tc monometallic porphyrin complexes was obscrved by variable-temperature
pmr spectral studies. This fluxional phenomenon is best explained by
the intramolecular rearrangement of the metal-carbonyl group among the
four ring nitrogen atoms of porphyrin and a concomitant movement of the
N-H proton. A novel thermal disproportionation of (H-MP)Tc(CO)3 to MP-
{Tc(CO)3]2 and HéMPIXDME was 271s0 observed. A dissociation and recom-
binatfon of the mctal-carbonyl moieties and the porphyrin ligands be-

tween two of the (H-MP)Tc(CO)3 molecules- would seem interpretable for

- this unusual coordination phenomenon.
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Introduction

There is a growing interest in metalloporphyrins because of the unique -

3-8

hature of the coordination chemistry of these materials and also because

of their obvious relevance as biological modelsg']2 (such as chlorophyll‘a,

4 15 16,17)

hemoglobin ", cytochrome ™, and vitamin B]2 Changes or modification

of general porphyrin metabolism are assnciated with cancer, drug metabolism,

18

and specific disease syndromes. Thus, the biological functions «r metal-

loporphyrins are of a great deal of importance. Most of the research in me-
talloporphyrins not only stems from interest in the biological systems to

which they are related, but also stems from the search for new semiconduc-

19 0 21 2-

2
» superconductors™ , anticancer drugs“', tumor localization agents“"-,

and catalyst523. Even without their biological and industrial implications

tors

the properties and a large variety of structural types4 of metalloporphyrins

would be studied for their purely theoretical importance.

Understanding of the porphyrin system has adggnced appreciably in re-

24

cent years.8 Except for lanthanides™ and actinides, almost every metal in

the periodic table has been coordinated { - : porphyrin.7 Any reasonable
porbhyrin complex desired by inorganic chemis.: - :ems attainable through the
powerful synthetic methods which are now avai[able. These methods included:
(1) reaction of a porphyrin with a metallic salt (acetate, halide, oxide,
etc.) in an acidic or basic‘med1um3; (2) supplying the metal in the form

25,26 27,28

of carbonyls » carbonyl halides

compoundsze'zg; (3) the use of an acetylacetonate complex

» or other organometallic

24,30 as a source

of metal; (4) veaction in a medium of high dielectric constant (such as
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Aunionized forms are generally oor solvents for simple metallic ions and

thenol, benzonitrile, N,N -dimethylformamide, etc.)3]’32.

The major problem in the traditional metalloporphyrin syntheses {is

that of the difficulty in dissolving both the free porphyrin and the metal-
11¢ salt s1mu!taniously into thy same solution under reactive conditions.3

This is due tc the fact that good solvents for the porphyrins in their

vice versa. In an acidic medium, the porphyrin exists mostly in the un-
reactive protonated form. In a basic medium, on the other hand, the
porphyrin must compete (often disadvantageously) with the solvent as a
complexing agent for the metal ion. The solubility probiem was overcome by
using high dielectric solvents which are capable of dissolving both the
free porphyrin and the metallic salt. It is general, rapid, and convenient;
gives high and large yfelds; and requi.es no special reagents. This

AN

method was developed by Adler”’ and further extended by Buch]er32 for

the preparation of a number of pre:iously unknown metallonorphyrin complexes

of scandium3° 30 32 32 32. tungsten33,

rhenium33

, 2irconium™, hafnium™“, niobium .‘tartalum

» and o'smium.34 These new metalloporphyrins have been used to

32

demgnstrate the geometric 1imits of the porphyrin ligana™“ as well as some

additional geometries which it can assume.35 It is of intere.t that metal
acetylactonates are found both readily availahle and reasonably soluble
in non-polar organic solvents, and are therefore used as useful metal

24,30,35 ?

source for the preparation cf new metalloporphyrins. The solubility

problem in the synthesis of metalloporphyrins was also overcome by th»

use of organometallic compounds as the metal sour'ce.zs"29 But the incon-

vepience involved in obtaining air-sensitive oryanometallic derivatives
and the availability of other methods have prevented greater use of the

organometallics as starting materials.
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The use of metal carbonyls for the insertion of metal fons into
porphyrins was introduced by Tsutsui® in 1966. This method has been found
quite general for metals having suitable derivatives and developed to an
ﬁseful and unique method in the syntheses of unusual metalloporphyrins
within the last decade.7 in addition to a number of previously reported
metalloporphyrins, the reaction of metal carbonyls or metal carbonyl halides
with neutral porphyrins has led to the syntheses of new metalloporphyrin

complexes of chromiun®>*3®, molybdenum>0>37 28,38 39-42

» ruthenium » rhodium
1rid1um27'29. rhenium43’44, and technetium45’46. Except for the chromium
and mo1ybdénum porphyrin compluxes, carbonyl groups are retained by the
metals in the new metalloporphyrins. For rhodium, rhenium, and technetium
metalloporphyrins, unusual bimetallic complexes with a low oxidation state
and out-of-plane structure were cbtained for the first time. The unusual
bimetallic rhodium complex and its derivatives were reported by Yoshida

and co-workers.4°'42 More detailed spectral and structural data for the
vnusual monometallic and timetallic rhenium and technetium porphyrin com-
plexes are described and compared in this paper. qBoth the out-of-plane
rhenium and technetium bimetallic complexes of meso-tetraphenylporphine are
isostructural. The single crystal X-ray diffraction analyses data obtained
for the technetium complex is superior to that obtained for the rhenium com-
plex. Absorption effects are much smaller in ihe former and the metal ion
contributes to a smaller percentage of the scattering power, which means tue
non-metal atoms can be located with much more accuracy. As a result more

may be said about the structural details of the porphyrin macrocycle.
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Resuits:

Unusual Rhenium Metalloporphyrin Complexes

Reflux of decalin solutions containing Rez(c0)]0 and porphyrin
‘have given several different rhenium porphyrins, depending on the ra-
tios of reactants and on the porphyrin used. Among the compounds iso-
lated were: (monohydrogen mesoporphyrin IX dimethyl esterato) tricar-
bon&lrhenium(l). HMPR@(CO)3. (1); (monohydrogen ﬁgggftetraphenylpor-
phinato)tricarbonylirhenium(I), HTPPRe(C0)3, (1) u~[mesoporphyrin IX
dimethy! esterato]bis[tricarbonylrhenium(I)], MP[Re(C0)3]2 (TIL)s w-
[mgggftetraphenylporphinato]bis[tricarbonylrhenium(l)]. TPP[Re(C0)3]2,
(L.

The characterization of these compounds was done by elemental anal-
yses, visible, infrared, proton magnetic resonance, and mass spectra
(Tables 1 and 2).

pompuund I1 was particularly appropriate for pmr studies. Its pmr
gpectrum in deuterochloroform showed an upfield singlet at & - 4.0 for the
N-H proton; two broad multiplets at 7.87 and 8.30 for the phenyl pro-
tons; and three sets of signals (Figure 1) for the g-pyrrole protons.

The peaks due to the g protons include an AB quartet?Z'Centered at 2.1

(JAB = 5,0 Hz, with a ratio between the outer and the inner peaks of 1:2.2);
a doublet centered at 8.88 (J = 2.0 Hz), and a singlet centered at 8.72.

The relative intensities of these sets of peaks were 2:1:1. This is con-
sistent witn coordination between the rhenium atom and the nitrogen acoms
of three adjacent pyrroles (rings B, C, and D of Figure 2). The uncoordi-
nated pyrrole nitrogen atom (ring A in Figure 2) would be oound to a pro-
ton. -This proton would cause the spl‘tting observed at 8.88, and vas com-

pletely exchangeable with deuterium. in the deuteriated'sample the doublet
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centered at 8.88 collapsed to a singlet of about twice the peak height but

the same area. This type of coordination was found for rach metal ion in

the X-ray determination of the structure of the bimetallic complex ;x.44
| Compound %&A was also.prepared by the reaction of HZMPIXDME with
excess RQZ(C0)10 in refluxing decalin under argon, The reaction occurred
in & stepwise manner by forming complex L as reaction intermediate.

This phencmenon was u~tected by a stepwise change of visible absorption
spectra (Fiébre 3) and a continuous change of color in the reaction mix-
ture (from an initial reddish purple color to greenish brown and finally
to a dark reddish brown color). However, this stepwise reaction is not
reversible. Attempts at the conversion cf é&i to { by reflux in decalin
with exess HZMPIXDME were unsuccessful. The formation of these two un-
usual rhenium metalloporphyrin complexes is seen to proceed via the fol-
1owing reaction scheme, where MP represents the dianion of mesopornarin

TX dimethyl ester:

A + +
+ Rez(CO).|0 -————’-MP[RE(C0)3]2 + HZ + 4C0

H P )
2 HMP- +  Re,(C0);q —E>2 (H-MP)Re(CO); + H,' + 40" (2)
2 (H-MP)Re(CO); + Re,(C0);g —L2-> 2 MP[Re(CO)5), + W, ¢ dco®  (3)

Derivatives of Monorh :nium Metalloporphyrin Complex

The reaction of £ with excess Rez(co)]0 to form the dirhenium com-
plex, iii. suggested the possibility of making a series of complexes in
which the porphyrin ring is bound to both rhenium atom and an atom of
another metal. Although this could not be done with all metals, £ did
react further with several mono- and divalent cations of heavy metals
(Ag+, Hg++, and Pb++) in a basic solvent.48 Evidence for these reactions
came from changes in the visible absorption spectra of the solutions

(Table 3). It is presumed that monovalent cations replace the remaining

pyrrole proton of I, forming a 1:1 complex.
4"

Divalent cations are thought
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to similarly replace a pyrrole proton from each of two molecules of i. ;

forming a sandwich-type complex with the heavy metal ion situated between

two porphyrin rings. The metal-nitrogen bonds thus formed are weak and
.the products could not be purified due to decomposition in air. Partial
decomposition is also shown by the molecular weight and analytical re- i

sults. It is of interest that the reaction of L with neutrai copper ace-

e o

tate (2 * mole ratio) in a b ~ic solvent at room temperature for 5 hours
results in the replacement of the rhenium-carbonyl moiety by cupric ion

to form a square planar copper(Il) porphyrin complex.

T P T IO Ty

By reaction of £ with ditechnetium decacarbonyl, Tcz(c0)]o. in 1
to 0.6 mole ratio in refluxing decalin under argon, an unusual hetero-
dinuclear metalloporphyrin complex, [tricarbonyltechinetium(I)]-u-[meso-

porphyrin 1X dimethyl esterato][tricarbonylrhenium(I)], (OC)3TcMPRe(C0)3,
45

(x), was prepared, This new complex was also characterized by elemental %
analyses, molecular weight determination, visible absorption, infrared, ;
pmr, énd mass spectra. Except for small shifts, the visible absorption

spectrum of x in methylene chloride resemble that of LL{. Becaﬁse of the

similarities in physical and chemical properties among III, éx and x,

NN ;
structures identical with that of IV were propoced for III and V as shown 3
’ N NN N

in Figure 4.

Fluxional Behavior

Due to its more highly symmetric porphyrin (Figure 2c), the pmr spec-

trum of %L is much simpler than that ef i. At room temperature the pmr 3
spectrum showed the nonequivalence of the g-pyrrole protons in li (Figure
1) and also the bridged methine protons in i. Temperature dependent pmr
[ spectral changes for l and Li dissolved in 1,1,2,2-tetrachloroethane (bp
E 1 146°) are shown in Figure 5. As th- temperature is raised, the peaks ]
i

broaden, coalesce, and gradually sharpen. The changes have all been.shown
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to be completely reversible with temperature. These results illustrat:z
that both L and Li dispi 'y a fluxional ;haracter.49 This is best ex-

plained in terms of an incramolecnlar rearrangement of the rhenium-car-

"bonyl group among the four ring nitrogens of porphyrin and a concomitant

movement of the N-H proton. It can also be regarded as an intramolecular
substitution at rhenium. A solution containing { and excess HZMPIXDME
shoﬁed no ‘broadening of the free ligand bridged methine proton peak in
the fast exchange region for l. Further, the coalescence temperatures
were not shifted by changes in the concentrations of the complexes with-
in the standard deviations of the experiment (ca + 5°). These results
show that the thermal rearrangement process is intramolecular rather

than intermolecular, Alsb, the occurence of either dissociation and re-
combination of the metal-carbonyl moiety and the porphyrin ligand or in-
terchange of 1ijands between two molecules at high temperature is ruled

out py the failure of attempts tc convert %&% to I by reflux in decalin

t

with excess porphyrin.

Unusual Technetium Metalloporphyrin Complexes

By reflux of TCZ(CO)IO and porphyrin in decalin, in a manner similar
to- that used in preparing the rhenium complexes, several technetium por-
phyrins were prepared. Depending on the porphyrin used and the ratios of
reactants, the following compounds were prepared: (monohydrogen mesopor-
phyrin IX dimethyl esterato)tricarbonyltechnetium(I), HMPTc(CO)s, (XL);
u-[mesoporphyrin IX dimethyl esterato]bis[tricarbonyltechnetium(I)],

MP[Tc(C0)3]2, (XLi); and u-[meso-tetraphenylporphinato]bis[tricarbonyl-
technetium(I)], TPP[Tc(C0),],, (VIII).
NN
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These compounds are considered to be structurally similar to the
corresponding rhenium complexes. A single crystal X-ray diffraction
analysis of YII1. reported here, has confirmed the similarity.

The reaction of HZMPIXDME and Tcz(co)]0 in a mole ratioc of 1 to 0.6
was used to give the monotechnetium ccmplex, Yi. However, when the same
reaction was run for longer periods of time; the products were the free
porphyrin and u-[mesoporphyrin IX dimethyl esterﬁto]bis[tricarbonyl-
technetium(I)], MP[Tc(C0)3]2, (X£L)' The results of these two reactions
suggest that H,MPIXDME and '!'cz(co)]0 react initially to form (H-MP)Tc(CO)3
which then disproportionates (Figure §) into MP[Tc(CO)3]2 and H,MPIXDME. This
behavior was confirmed by heating a benzene/dichloromethane (50/50) solution of
a purified sample of YI to dryness in a hot water bath at 50-50°. Chromato-
graphy on a ta]c column showed th: presénce of both HZMPIXDME and XLL.

Complex X££ was stable at room temperature but it was thermally un-
stable in refiuxing decalin in a different manner than complex x&. When
a decalin solution cof ¥££ was refluxed under argon for more than four
hours, a large amount of solid material precipitated from the decalin.

The unknown solid compound, (iﬁ), was insoluble in most organic sclvents
but was slightly soluble in methylene chloride. The visible spectrum of
the solution had a sharp absorption at 358 nm and three weak, broad peaks
at 397 (Soret), 500, and 540 nn. The unknown compound turned black above
260° without melting. The infrared spectrum of iﬁ in the solid phase (KBr)
also showed two strong metal-carbonyl stretches at 2044 and 1925 cm'] and

a split ester carbonyl peak centered at 1725 cm']. A similar splitting

of an ester carbonyl peak has been observed in the solid ruthenium me-

talloporphyrin complex, MPRUCO, and tentatively assigned to coordination
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betwzen the ester carbonyl and the metal.so The unknown sclid, IX,
v

51,52

may be & coordination polymer invalving similar coordination be-

tween a metal and an ester carbonyl.
The elemental analyses results and all of the spectra data for
both rhenium and technetium metalloporphyrin complexes, i-ii, are sum-

marized in Tables 1 and 2.

X-Ray Structural Uata

A preliminary study en the single crystal X-ray diffraction analysis
of TPP[Re(C0)3]2, IV, has already been reported.44 This structure has

now been fully refined. In addition, the structure of the analogous tech-

netium complex TPP[Tc(C0)3]2. VILI, has been determined and is reported here.

Results of the analyses are tabulated in Tables 4-10. Within standard
deviations the two compounds are virtually isostructural. Both are cen-
trosymmetric complexes having two metal ions bonded to the porphy}in, one
above and one below the plane of the macrocyclic ligand. A comparison of
these two complexes of Group VIIb congeners is of interest.

The X-ray data obtained for the technelium complex is superior to
that obtained for the rhenium complex. Absorption effects are much smaller
in-the former and the metal jon contributes to a smaller percentage of
the scattering power, which means the non-metal ions can be located with
more accuracy. In addition, data could be collected to a higher sino/x
limit in the technetium case, and a higher percentage of the reflections
could be observad. As a result of this increased accuracy more may be
said about the structural details in the technetium complex. While
the same details are also noted in TPP[Re(CO)3]2, the significance
of these are harder to judge because of the lower accuracy. In the sub-

sequent discussion, the value found in TPP[Tc(CO)3]2 is used unless other-

o R ot
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~.wise specified. Bond lengths and angles for both complexes are 1isted
in Tables 8 and 9. |
‘ A stereoview of TPP[Tc(C0)3]2 is shown in Figure 7. For compari-
son the structure of TPP[Re(C0)3]2 is shown in Figure 8., Figure 9
shows the coordination sphere and the bond lengths involving the metal
atom in both complexes. In each case the metal atoms are situated 1.42 A
from the plane defined by the four pyrrole nitroéen atoms. The metal
ions are not positioned directly over the center of the macrocycie, but

are set to one side such that each metal ion is bonded to phree nitro-

gen atoms. N(2) is bonded to both metal ions. The distances from the
metal ion to the fourth nitrogen atom are 3.230 and 3.208 7\ for the rhe-

nium and technetium complexes respcatively. Tha M-N(1) distance is

2.16 R in both cases. The two M-N(2) bonds are much longer, averaging

2.39 R in both compiexes. The M-C bond lengths appear to be normal.

i a— B I LR SN RN R ooy K. i Borru Dot e-vovers
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There is a small but signiffcant difference in the M-M distances, with
"the Tc-Tc distance (3.101(1) A) being 0.0 A shorter that the Re-Re
distance (3.126(1) A). This small difference in the covalent radii of

congeners in the second and third row transition metal series can be
attributed to the lanthanide contraction effect.
The porphyrin macrocycle is highly distorted. The distortion is

such that if one considers the mean plane of the macrocycle, pyrrole ring

' j. [N(1), C(1)-C(4)], is "bent" towards the metal atom to which it is
coordinated while pyrrole ring 2, [N(2), C(6)-C(9)], lies almost in the
mean plane of the macrocycle. The individual pyrrole rings are quite

planar, but the angle between the least squares planes of the twe adja-

cent rings is 17.0° in both complexes. Another measure of the bending
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is the perpendicular distance of an atom in one pyrrole riny from the
least squares plane di:fined by the equivalent ring acros: the macrocycle,
Thus, N(1)' lies 1.83 A from the plane of pyrrole ring 1. N(2)' lies
0.34 R from the plane of pyrrole ring 2. (The primes indicate an atom
related by a center of symmetry). Table io lists various least squares
planes of interest and the interplanar angles for the two complexes,
TPP{Tc(C0)4], and TPP[Re(C0)5],. '

The distortion of the macrocycle leads to unusual distances between
opposite pyrrole nitrogen atoms. The optimum value for the diameter of
the "hole" of an undistorted metalloporphyrin complex has been estimated53
to be 4.02 R. The N(1)-N(1)' distance is unusually long (4.506(3) X in
TPP[TC(CO)3]2). It is caused by the large deviation of pyrrole ring from
the mean plane of the macrocycle. The N(Z)-N(Z)' distance is unusually
short (3.6f2(4) A in the ditechnetium complex). This shortening appcrent-
ly arises so that octahedral coordination may be attained. It is of in-
terest to note that the two Cm-Cm distances are approximately the same
and similar to those found in monometallic porphyrin comp1exes.53

Figure 10 shows a schematic drawing of the macrocycle and the averaged
bond 1engths and angles. Because pyrrole rings 1 and 2 are not chemically
equivalent, they must be considered separately in the averages. Also
shown in Figure 10 is the nomenclature used for the different type of
carbon aioms.

The involvement of N(2) in two coordination bonds might be expected
to affect the double bond character of the Ca-N(2) bends. This effect is
indeed seen as the average Ca-N(2) distance is 1.416(3) Z as compared to

the Ca-N(1) distance of 1.359(4) A. The latter distance is typical of

km_unmmwﬁhmﬂ.u.wu‘:.v; .
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that found in normal metalloporphyrin complexes.53 In addition, the
[C(6)-N(2)-C(9)] angle is 2.9° less than tia [C(1)-N(1)-C(4)] angle.

To a lésser extent the bond lengths and angles around Ca atoms on
pyrrole ring 2 are affected. The average Ca-Cg distance is slightly
smaller than the analogous bond length in pyrrole ring 1. In this caseﬂ
however, the significance of these differences may only be classified
as marginal. In normal metalloporphyrin comp1exés, the Ca-C8 distance
has been found to be remarkably constant at approximately 1.44 3.53 The
CB-Ca-Cm and N-Ca-Cm angles are considerably different in the two rings,
but this is probably a factor of the distortion of the macrocycle.

As is normal for metallo-tetraphenylporphine comp?exes,4

the phenyl
rings are rotated considerably out of the plane of the macrocycle. The

angles betwuan the planes of the phenyl rings and the plane of the macro-

- ¢ycle are listed in Table 10. The average carbon-carbon bond distance

in the two phenl rings is 1.37(3) and 1.377(9) A for the rhenium and
technetium complexes respectively.

Ore 0-0 intermolecular contact is unusually short. This is fhe
contact 0(1)-0(3) (x"=x, y"=0.5-y, z"=-0.5 +z) which is 2.912. long.
This distance is greater than the sum of -the van der Weals radii. This con-
tact does not appear to have any effect on the molecular structure. All

()

other contacts are greater than 3.353 with most being greater than 3.5A.

DISCUSSION

Although high oxidation state rhenium complexes of porphyrin33 and
phthalocyanine54 have been prepared, the low oxidation state, out-of-
plane, rhenium and technetium complexes of porphyrin are synthesized dif-

ferently by using the metal carbonyl 'method.25 The new metalloporphyrin

e
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complexes are unusual in coordination and stereochemistry. Both the
homo- and heterodinuclear metalloporphyrin complexes of Re(I) and Tc(I)
E' are prepargd for the first time. In these dimetallic complexes the por-
phyrin acts as a hexadentate ligand, while in the analogous monometallic
' conplexes, the porphyrin acts as a tridentate ligand. These are rather
unusual coordination numbers for the porphyrin ligand.3 A similar un-
ughal coordination number has also been observeq in low oxidation state,
s - th—of-pTane rhodium porphyrin complexes.42 In these rhodium compiaxes
the porphyrin acts either as a bidentate or a tetradentate iigand.
0ctahedrala4 cocrdination was observed in the unusual metalloporphyrin
complexes of Re(I) and Tc(I); each metal ion is bonded to three carbonyls
ahd three adjacent pyrrole nitrogen atoms of the porphyrin ring. How-

ever, square planar42 coordination was found in the unusual metallopor-

phyrin complexes of Rh(I), each metal ion being bonded to two carbonyls
and two pyrrole wnitrogen atoms. The low oxidation states of these me-

tal ions are presumabiy stabilized by the carbonyl ligands, and their

WY T O R T T

E electronic coniigurations are consistent (except for the Rh(I) com-

piexes) with the eighteen-electron ru]e.55 Among these out-of-plane

; unusual meta’loporphyrin complexes, only the Re(I) complexes are sta-

ble compounds; both the Rh(I) and Tc(I) complexes are thermaily unstable.

L

A novel thermal disproportionation reaction {Figure 6) of (H-MP)Tc(CO)3
and the thermal instability of MP[Tc(C0)3]2 have been described earlier.
The out-of-plane, dimetallic porphyrin complex of Rh(I) is also unstable

with respect to the in-plane, square planar Rh(III) porphyrin comp]ex.4]

The mechanisms of these unusual reactions are unknown. However, dissocia-
tion and recombination of the metal-carbonyl moieties with the porphyrin
‘ . ligand.could explain the thermal disproportionation of (H-MP)Tc(CO)3 _
to Mp[Tc(€0)3], and H,MPIXDME. C
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sandwich" structure.

The out-of-plane, monorhenium complex of porphyrin can he used as a

model for the proposed "sitting-atop" intermediate in metalloporphyrin
formation ,56»57 Although homo- and heterodinuclea:, out-of-plane, metallo-
porphyrin complexes of Re and Tc were prepared through the monorhenium

complex by further reaction with Rez(co)]0 and TCZ(CO)IO’ the incorpora-

-
“tion of additional mono- and divalent heavy mecal ions (Ag*. Hg**, and Pb" ")

: - a8
to the monorhenium porphyrin complex did not produce stable complexes.

It is of interest that an unusual, stable, out-o6f-plane, metallopor-
phyrin complex of mercury (II) was prepared simply by the reactibn of mer-
curic acetate with porphyrin in tetrahydrofuran and methylene chloride.
This new metalloporphyrin complex was proposed to havejan unusual "double-
56 Still another mercury porphyrin, this one contain-
ing two mercury (II) atoms per porphyrin, has been prepared.59 It seems

to resemble the bimetallic complexes of rﬁenium(l) and technetium(I). Fur-

ther comparisons may prove useful,

t46 of tne metal-carbonyl moiety

The intramolecular rearrangemen
among the pyrrole nitrogen atoms in the porphyrin ring is the first flux-
ional behavior reported for the out-of-plane metalloporphyrins such as
these. However, both the inter- and intramolecular ligand site exchang-
Tngﬁp reactions were responsible for the variable-temperature pmr spec-
tral changes in the ruthenium monocarbonyl porphyrin complex coordinated
with other nitrogen bases. Rotation of pheny1 rin956]’62
tetraphenylporphine complexes of Ru(II) and In(III) was also observed
by variable-temperature pmr studies. These three different types of
fluxional behaviors are very unusual for metalloporphyrins.

One of the major reasons for sing]é crystal X-ray diffraction analy-
ses of TPP[Re(C0)3]2 and TPP[Tc(C0)3]2 was to investigate the possible

existence of a metal-metal bonding through the porphyrin "hole" to form a

in the substituted
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"skewered, comyound", Hewever, it would appear that for the following
reasons the metal-metal interactions, if present, are weak. Firstly,
the M-M distance («3.13) is rather large for a metal-metal bond. Most
Re-Re single bond distances are approximately 2.7 R long,63 although

a value of 3.02 A has been reporied for Rez(co)w,64 Secondly, the
macrocycle js highly distorted in a way which would maximize the M-M
distance. Thirdly, the eightecn-electron rule® is fulfilied without

postulating a metal-metal bond.

EXPERIMENTAL SECTIUN

Materials

Hemin was purchased from Sigma Chemical Co.; dirhenium decacarvonyl,

.Rez(co)]o. and ditechnetium decacarbonyl, Tcz(CO)]O. were purchased from

Pressure Chemical Co.; Tcy(CO)yq is a radioactive materfal with radio-
activity of 5 uc/mg (4,7c: 67, 0.292 MeV; haif-life, 2.12 x 10° years).
Talcum powder was purchased from Fisher Scientific Co., and Sephadex LH-20
was obtained from Pharmacia Fine Chemicals. Decahydronaphthalene (decalin)

was purchased from J, T. Baker Chemical Co., treated with concentrated sul-

~furic acid, neutralized with sodium bicartonate solution, washed

with distilled water, dried over anhydrous calcium chloride avernight,

filtered, and further dried over sodium wire; finally it was distilled under
vacuum and stored in a Schlenk tube under argon before use. 1,1,2,2-Tetra-
chléroethene was purchased from Eastman Kodak Co., dried over phosphorus
pentoxide, and distilled under vacuum before use. Other organic solvents

were commercial reagent gradea and were used without further purification.

A A ks
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Physical Measurements.

Elemental analyses and melecular weight determinations were performed
by 5chwarzkobf Microanalytical Laboratory, Woodside, N. Y. 11377. Visible
spectra were measured with a Cary 14 spectrophotometer. Infrared Spectra

were measured with a Beckman IR-8 spectrophotometer. Mass spectra were

obtained on a CEC 21-104 mass spectrometer. Proton magnetic resonance spectra

:are'obtainéd using Yarian T-60 and HA-100 spectrbmeters; the latter vas
equipped with a variable-temperature probe and operated at power levels
wel?! below saturation. Temperatures were measured with a thermocouple

mounted in the probe which was calibrated with ethylene glycol after each

" set of spectra.

Preparativas. :
Messporphyrin IX dimethyl ester.'65 HZMPIXDME. and meso-tetraphenyl-
porphine.ss’67 HoTPP, were prepared by literature procedures. (Mono-

hydrogen mesoporphyrin IX dimethyl esterato)tricarbonylrhenium(I), (H-MP)-
Re(CO)3, (£), u-[mesoporphyrin IX dimethyl esterato]bis[tricarbonylrhe-
nium(I)], ﬂ“[Re(CO)s]z, (%%%), u-[meso-tetraphenylporphinato]bis[tri-
carbony’ rhenium(1)], TPF[Re(C0)312, (ix). ind [tricarbony]rhenium(l)]-
-u-r mesoporphyrin IX dimethyl esterato]-[+ricarbonyltechnetium{1)],

(GC}BReMPTc(CO)3, (x), were prepared as previously reported.43'15

[Monchydrogen mesoporphyrin IX dimethyl esterato]tricarbonylterhnetium(I),
(H-MP)Tc(c0)g, (V5. A 45.5 mg sample of HMPIXDME (7.58 x 1072 mmo1)
and 21,25 mg (4.46 x 10"2 mmol) of Tcz(co)10 were mixed in 10 m1 of de-

calin and heated under argon in a 150° oil-bath for approximately two
heurs. Completion of the reaction was determined by visible spectroscopy.

When avbsorption at 388 nm (Soret band) and 473 nm reached maxima, the
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reaction was stopped. The decalin solution was cooled, ceﬁurifuged. +nd
decanted, and the supernatant evaporated to dryness under vacuum by ﬁsing

a Molecular Still apparatus. The resulting solid was then dissolved in
benzene and chromatographed on a talcum column. Three bands were eluted
from the column by benzene/cyclohexane (50/60), dichloromethane, and

acetone respectively. A small amount of chocolate colored material was
followed by a large pale green band; and finally by a small amount of red
_compound. Visible spectroscopy showed the first and third bands to be
MP[Tc(C0)3],, (VII), and H,MPIXOME. A dichloromethane solution of the secon
band was evaporated to small volume under a stream of nitrogen, centrifuged,"
and decahted. The supernatant was evaporated to dryness and washed with
n-pentane to give an air stable, dark greenish brown solid of XL

(24.15 mg, 41.0% yield), mp 181-182°. Angl. Calcd. for TcC39H4]N4O7:

N, 7.22; Tc, 12.75; Mol. Wt., 776.R, Found: N, 7.34; Tc, 12.37;

Mol. Wts., 767 (measured by vapor pressure osmometry in chloroform).

u-[Mesoporphyrin IX dimethyl esteratolbis[tricarbonyltechnetium{I)], MP-
[Tc(C0),1,, (VII). The preparation of this compound was similar to that of

x&. except the ratio of reactants was changed. HZMPIXDME (20.6 mg, 3.49 x
1072 mo1) and Te,(CG),, (19.5 mg, 4.08 x 10" mmo1) were mixed in 10 ml

of decalin and heated under argon in a 150° cil-bath for approximately fi&e
hours. Completion of the reaction was determined by visible spectroscopy;
stepwise absorption changes of the reaction mixture were observed as shown
in Figure 3. When the absorptions at 396 nm (Soret band) and 507 nm

reached maxima, the reaction was stopped. The decalin solution was
centrifuged, decanted, and evaporated in vacuo; the resulting solid was dis-
solved in banzene and chromatographed on a talcum column. A large chocolate

colored band was eluted with a benzene/cyclohexane (50/50) solution. This
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solution was evaporated to dryness, dissolved in dichloromethane, centrifuged,
and decanted. Finally it was evaporated to dryness and washed with n-pentane
to give & dark reddish brown solid of x&% (21.20 mg, 65.8% yield), mp 227-
229°, Anal. Calcd. for Tczc42H40N40]0: C, 52.60; H, 4.18; N, 5.84; Tc, 20.65;
Mol. Wt., 958.0. Found: C, 52.44; H, 4.08; N, 5.92; Tc, 20.54; Mol. Wt.,
~1062 (measured by vapor pressure osmometry in acetone).
n;[gg;g;tetrabhenylpo[ghinato]bis[tricarbonyltechggtium(I)]. TPP[Ic(CO)slz,
g!%%%lr The preparation of this compound was simiiar to that of X£l. except

the porphyrin ligand was changed. H, TPP (23.0 mg, 3.75 x 10°2 mmol) aud
Tcz(co)]0 (20.6 mg, 4.31 x 1072 mmol) were mixed in 10 ml1 of decalin and
refluxed under argon for approximately two hours. Completion of the reaction
was determined by visible spectroscopy. The visible spectrum of this mix-
ture after two hours refluxing was rather similar to that of VII, The crude
product was isolated from the decalin solution in a similar'm:::er as that

of X££’ and chromatographed on a Sephadex LH-20 column. A reddish brown
colored band was eluted with a benzene/cyclohexane {(50/50) solution. This
solution was concentrated to small volume, centrifuged, and decanted. Finally
it was evaporated to dryness, washed with n-pentane, and crystallized from
dichloromethane/chloroform solution to give reddish bfown crystals of X£L£
(23.81 mo, 65.1% yield), mp 323-325°. These crystals were used for X-ray
diffraction analyses,

[Monohydrogen mesn-tetraphenylporphinato]tricarbonylrhenium(1), (H-TPP)-
gggggla,_jggl_. A 207 5 mg sample of H,TPP (0.338 mmo1) and 100 mg (0.157 mmol)

Rez(co)]0 in 20 m1 of decalin were refluxed under argon for approximately three

hours. Completion of the reaction was determined by visible spectroscopy. The

crude product was isolated from the decalin solution in a similar manner as that

of xgi. and chromatographed on a Sephadex LH-20 column. A yellowish brown

colored band was eluted with cyclohexane. This solution was concentrated
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to small volume, centrifuged, and decanted. The supernatant was evaporated

N
-
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to dryness, washed with n-pentane, and crystallized from absolute alcohol/

Al Fe

chloroform solution to give an &ir stable, sark greenish brown solid of £L
(140,3 mg, 50.6% yield), mp 302-304°. Anal. Calcd. for Rec47H29N403: C,
63.80; H, 3.29; N, 6.34; Re, 21.08; Mol. Wt., 883.2. Found: C, 63.78; H,
3.57; N, 6.47; Re, 21.43; Mol. Wt., 840 (in dibromomethane).
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X-ray Study
Crystals of u-[meso-tetraphenylporphinato]lbis[tricarbonylrheaium(I)]

TPP[Re(C0) 41,5, s CoHag0sNaRess were grown from a dioxane solution.

The crystals grew as elongated plates with the most prominent faces being :
{100}, and bounded by {010} and {011}, The crystal used for intensity !

4 'i
g
x

measurements had dimensions 0.03 and 0.08 im in the direction of a and

b respectively, while the long dimension (approximately parallel to ¢)

was 0.28 mm. The crystals appear green in refiected 1light.

| Crystals of u-[meso-tetraphenylporphinato]~is[tricarbonyltechnetium(I)]
i | TPPITe(C0) 51,0 YHEEs CyglpglgNaTcos exhibited two different crystal habits.

One form was the same as that found for the rherium compound while the

other form wa~ much more complex. These crystals were again plates with |

T R T
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the prominent faces being of the form {130}, and bounded by {011} and
. the faces [111], [T11], [1M1], and [TTT]. Two corners were truncatud §

b i e 1% b

by faces of the form {010}. Crystals of this form were grown from chloro-

form and dichloromethane; The crystal chosen for intensity measurements

R e

: N 1
was: of this form and had dimensions of 0.18 x 0.37 x 0.32 mm. Both forms g
§

g appeared green in reflected 1ight and gave identical space group and

cell dimensions. Crystals of both complexes were mounted in glass capil- fh

laries.
Crystal data for both the rheniur and technetium complexes are listed "

in Table 4. Also listed are some ¢ e experimental conditions used in

the intensity measurements. Cell dimensions were determined by least squares,

minimizing the differences between observed and calculated 20 values. For

both complexes MoKa radiation, monochromatized by pyrolytic graphite, was %;
used. .The 20 values were measured on a Syntex-Datex automated four-circle |

diffractometer. In the case of TPP[Tc(CO)3]2. the 26 values for 19 MoKa,

o it e A
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(1=0.70926 R) were measured. For six of these, the Kaj-Kay doublet was k
sufficiently resolved %o measure the 28 values for the Ka, reflections ; %
(Af0.7l354 R). In the case of TPP[Re(C0)3]23 the doublet was not well
resolvad and 40 20 values were measured assuming the wavelangth to be
Mo Ka (1=0.71069 A). The densities were determined by the flotation

methoq.inan aqueous thallous formate solution. The two complexes are
isomorphous.. Iﬁ both cases the choice of space group, P21/c, was uniqueiy
determined by the systematic absences.

Intensity data were collected on the Datex-Syntex diffractometer,
The data in each case were collected by the 8-28 scan method,'monitoring

the intensity scale by remeasuring a group of five standard reflections

perfodically. For both complexes there were no significant or systematic
trends in the intensities of these check reflections and no corrections were
made. Backgrounds at either end of the scan range were collected for

half the scan time. Only reflections with Iz3oI were used in the analyses.

The standard deviation oy was determined in terms of the statistical

variances of the counts as °12=°12 (count) + K&(S + B1 + B2)%, where S, B1, and

B2 are the observed counts for the scan and two backgrounds respectively.

; °12 (éount) is the variance determined purely from counting statistics.

? The values of K, the so-called stability constant, were determined em.irically.

s o ot

The intensities were corrected for coincidence using the method of Sletten, Sletten

and Jensen.68 Absorption effect corrections were applied to both complexes.

In the case of TPP[Tc(C0)3]2,rwhere the corrections were small, a numerical
integration method was used. In the case of the rhenium complex, the more

accurate analytical correction technique of DeMeulenaer and Tompa was used.69
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Transmission factors ranged from 0.61 to 0.86 for TPP[Re(C0)3]é and from
0.85 to 0.93 for TPP[Tc(CO)3]2. Structure factors were calculated in the

usual way, assuming an ideally imperfect monochromator.

Determination and Refinement of the Structures

Because there are only two molecules in the unit cell of space group
PZ]/c, the complex in both cases must be centrosymmgtric. However, no
atom is constrained to be at a special position. The position of the
metal atoms were found in each case from a Patterson synthesis. The
positions of the remaining 30 non-hydrogen atoms in the asymmetric
unit were found from a series of AF Fourier maps. ‘

Least squares refinement using block diagonal and finally full matrix

70 was carried out. The function minimized was zw(Fo-Fc)z, where

methods
w=1/cF2 Initially isotropic temperature factors were used, but in later
refinement cycles all non-hydrogen atoms were assumed to have anisotropic
thermal motion. |

After several cycles of refinement of the non-hydrogen atoms, s F

syntheses were calculated in an effort to locate hydrogen atoms. In the

T~ AN SR S SOV |
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case of the rhenium complex, the positions of most of the 14 hydrogen

atomﬁ could not be located with certainty, so calculated positions for

all of them were uéed and were not refined by least squares. A bond length
of 1.0 R was assumed. In the case of the technetium complex, the hydrogen

atoms could be located and these positions were refined, assuming isotropic
thermal motion,

In the final cycles of full matrix least squares refinement, computer

memory 1imitations necessitated refining the parameters in two blocks. In
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the first block, all atoms except those belonging to the phenyl groups
were refined. In the other block, the metal atom and the atoms of the
phenyl group were refined. The final R values are given in Table 4.

Corrections were made for anomalous dispersion for the metal atom

n 72

in each case, Scattering factors were from the International Tables.

The metal ions were assumed to be in the zero ionization state.

73 No

The data were examjned by the method of Housty and Clastre.
evidence of secondary extinction was found and no correction for this
effect was made.

Final diiference. syntheses were.calculated for both compounds. In
the case of TPP[Tc(CO)3]2 the maximum residual elution density was 0.5
e/A3, while for TPP[Re(C0)3]2 the maximuh peak was 1.5 e/A3. Both peaks
were near the metal ions and were not considered of any physical signifi-.
cance.

The computer programs used have been previously 'listed.74’75 The

final positional and thermal parameters are listed in Tables 5 and 6,

.while the root-mean-square components of thermal displacement along the

principal axis of the thermal ellipsoids are given in Table 7. Table;

of observed and calculated structure factors are available.’6
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(a) Proposed structure for HTPPRe(CO), and
HMPRe(CD)~ (phenyl and alkyl substituBnts are
left out gf the .porphine ring for clarity);
ib; mesoporphyrin IX dimethyl ester, H,MP;

c) meso-tetraphenylporphine, HZTPP.
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Figure 3. Repeated scan spectrophotometry shows
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Figure 5. The 100-MHz variable temperature ]H
nmr spectra for (A) g-pyrrole protons
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protons of HMaTc(CO)é(both in C2H2C14 and
N temperature in °C).
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Figure 7.

A stereoview of the structure of u-[meso-tetra-
phenylporphinato]bis[tricarbonyltechnetium(I)].

Atoms not labeled are centrosymmetrically related.
The thermal ellipsoids are drawn for 50% probability,
except those of the hydrogen atoms which are not
drawn to scale.
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Figure 8. The structure of u-Emeso-tetraphenylporphinato]bis—

b [tricarbonylrhenium(T)]. The number scheme used is

shown., Atoms not labeled are centrosymmetrically

reiated. The thermmal ellipsoids are drawn for 50%

probability, except for those of the hydrogen atoms

which are not drawn to scale,. ~y
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Figure 9.

Coordination sphere showing bond distances around
the mntal atoms in TPP[Re(C0)3]1, (top value) and
TPP[T<(C0)3], (1ower value). “The Tines between
nitrogens signify the rlane of the macrocycle.

Primed atoms or atoms not labelled are centrosym-
metrically related to unprimed atoms.
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Figure 10. Schematic drawing of the macrocycle showing .
averaged bond lengths in angstroms and angles
in degrees as found in TPP[Re(C0)3]p (top value)
and TPP[Tc(CO)3], (lower value). “Also shown is
the notation for different types of carbon atoms.
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Taole 1. Spectral data for unusual metalloporphyrin complexes, I-IX.

No. Compound M.P. (°C)] Uv, Ymax (log €)| IR, cm'] PMR (&)
(in CHyCl,) (KBr pellet) (in CDC13)

388 nm (Soret) |1740 (ester,C0) 10.5 25 » =CH-
I | (H-MP)Re(CO), [175-177 | 480 | 1880 (wM-CO) 10.2 (s) "
580 2020 " 4.7-3.0 (m), alkyl
3380 {wN-H) 2.0-1.6 t; "
‘ -4.9 ; s), NH
402 nm 26.12 1875 (wM-CO) 9.13 ﬁq » pyrrole
I1 | (H-TPP)Re(C0); B02-304 | 473 5.62 2010 " 8.8 (d "
670  (4.92 3350 (vN-H) 8.72 (s "
| 8.30 m), phenyl
7.87 m; "
-4.00 (s), NH

199 MP[Re(CO)3]2 246-248 | 480 sh. 1900 (vM-CO

400 nm (Soret) {1730 (ester,C0) {10.30 s), =CH-
3777 14.7-3.0 (m), alkyl
520 2015 " 2.0-1.6 (t "

¥
RO
-3
7
3
7
E
N
P
x
kK
LN
d
o
X
e
5
o
o
233
R 1]
3%
S ixe
-
4
y.
.
7
=
i
E.:
ks
i
3
¥

408 nm (Soret) | 1900 (wM-CO) 9.20 (s), pyrrole
IV | TPP[Re(C0),1, [350,dec. | 485 sh 2025 " 8.30 (m), phenyl
513 7.80 (m) "
398 nm (5.04 1720 (ester, CO) 10.60 283’ =CH-
v (OC)3ReMPTc(C0)3 . 480 sh (3.80 1740 " 4.7-3.0 (m), alkyl
93g-240 | 513 (4.46 1925 (wM-C0) 2.0-1.5 (m), alkyl
| 2030 "
2045 "
388 nm (4.17 1735 (ester, CO) 10.5 ss , =CH- !
VI (H-MP)Tc(cc)3 181-182 | 473 3.70 1900 (wM-C0} 10.2 s "
, 580 3.17 1920 4.7-3.0 {m), alkyl
i 2025 " 2.0-1.6 (t "
‘ 3380 (wN-H) -4,90 (s), NH
396 nm (4.43) | 1740 (ester,C0)| 10.40 (s), =CH- ]
VII MP[Tc(co)3]2 227-229 | 480 sh 23.50 1925 (wM-C0) 4.7-3.0 (m), alkyl ;
507 3.93 2036 " 2.0-1.7 (¢t " :
i K
4 :
3




Table 1. Spectral data for unusual metalloporphyrin complexes. I-IX. (cont.)
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TPP[Tc(C0)3]2

323-325

403 nm (Soret)
475 sh

504

670

1915 (wM-CO
2030 "

)

IX

Unknown deri-
vative of VII.

260,dec.

358 nm

397 (Soret)
500

540

1725 (ester
1925 (vM-CO

2044 "
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Table 2. Relative intensities of jon species of interest

; in the mass spectra of complexes I and III.
f Relative Intensities
lon Species (H-MP)Re(CO)3 MP[Re(CO)3]2
Mmy* 8.8 43.80 !
(M-H)* . 0.54 . 0.60
(M-2H)* 0.08 0.20
(M-CH30)+ 1.80 4.00
(M-2C0)* | 0.25 5.30
(M-CH4C0,)* 0.43 130
(M-3C0)* 100.00 -
}
(M-3C0-H)* 1.20 -
(M-5c0)* - 100.00
(M-5C0-H)* - 1.40 i
© (M-60)* ; 62..90 ;
(M-6C0-H)* - 1.50 3
(M)*+* | - 2.50
(M-3c0)** 27.20 -
“(M-acO)* - 47.60
""""""""""""""""""" Relative Intensities
Isotope Peaks
.of parent ion (H-MP)Re(C0)3 MP{ Re(C0),1,
Mo 1.00 1.00 ’
M+ 1 0.50 0.59
M+ 2 1.79 3.60
M+3 0.77 1.7
M+a - 3.26

M+5 - 1.38

i K A b

13
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~"."Table 3. Visible Absorptions for (H-MP)Re(CO)s.
(I), and its Unstable Derivatives.

;
¢
"
&
3
B
A

Derivatives - A max (in acetone), nm.

y (H-MP)Re(CO0)5, (1) 400 (Soret); 480, 580
§ (1) + CH3CO0Ag 387 ( " ); 480, 560, 580

: (1) + (CH4C00),Hg 385 ( " ); 480, 530, 570, 580
(I) + (CH,C00),Pb + 3H,0 388 ( " ); 460, 580
(1) + (CH4C00)5Cu « K0 395 ( " ); 520, 560

*

a0 ST PR

fThis is the visible absorptions ofICuII MPIXDME.
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Crystal Data and Experimental Conditions

- T T -

Volume
Room Temperature

Dcalc

Space Group .

u(MoKa radiation)

Systematic Absences

Scan Raée

Scan Range

Max siﬁ o/N

Total Refln

Refln with I > 3o,

Coincidence Factor, T

Stability Constant K

R = z||Fo|-|F | /2]Fo]
R, = zw||Fe|-|F, ||2/M~'°

S.E.F. = (zWIIFQI lF l' / Obs Var

'rpp[ne(co)3]2

11.887(2)
16.363(2)
11.586(2) A
117.02°(1)°

o»0 o0

-]
2008 A>
o
21 C
1.908 g/cm3
1.90 g/cma

1153.2 daltons (°50328°6Nh3°2)

P21/c

64 o™t
nol{1 odd); Oko(k odd)
lo/min. if peak height > 3 cps
2°/min. if peak height < 3 cps
1.50°
0.65(27.5 in ©)
4769
2385
-7

4.31 x 10 ' counts”

0.03
0.0k45
2)3 0.0LL

i
) 1.33

TPP[Tc(CO)3]2

11.934(1) é
16.295(1) A
11.596(1) A
117.02(1)

°
2009 A>
18°C

1,619 g/cm3
1.61 g/cm3

978.8 daltons

(C5oH28%Na T2
2
P21/c
7.37 cm"1
Same

4°/min if 20 < 30°
2°/min if 20 > 30°
2.25°

0.703(30° in ©)
6013

3762

-7

5.50 x 10 counts

0.015
0.032

00027

1,37
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TABLE 5

] : .
_Fractionll Soordinates and Thermal Motion Parameters Derived from the

*
Least Squares Refinement for 'I‘PP[Tc(CO)3]2

o _
In this and subsequent tables estimated standard deviations ‘for the least
significant figure are in parentheses. The Debye-Waller factor is defined as:

Tw axp[—sz Xitj 8 & hi bj uij]

The values for U have been multiplied by 104. ‘Tsotropic B's for hydrogen
atoms defined by: . "
exp[-B(sin®6)/ v2]

are given in the column labeled Ull' These have been multiplied by 10.
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TABLE 6

Fractional Coordinates and Thermal Motion Parameters Derived from the

“v .

»
Least Squares Refinement for TPP[Re(CO)3]2

»
. ‘See footnote for Table 6. Hydrogen atom positions were assumed to be

in their theoretically calculated positions. They are not listed here.
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A A T C 3

NQ)
N(2)
c(1)
c(2)

- €{3)

C(4)
c(5)
c(6)
c(?
c(8)
c(9)
¢(10)
c(11)

©(12)

c(13)

- C(14)

c(15)
c(Q16)
c(17)
c(18)
c(19)
€(20)
¢(21)
c(22)
c(23)
c(24)
C(25)
oQ1)

0(2)

0(3)

]

[ ]
Root - Mean ~ Square Amplitudes of Vibration (in A) Along Principal
Axes of Thermal Ellipsoids

. TPP[Re (CO) 4], _ TPP[Tc(CO) 4],
AXIS'l ~ AXIS 2 AX18'3 AXIS 1 AXIS 2
L 0.165(2) 0.176(2) 0.188(1) 0,148(1)  0.158(1)
0.34(3) 0.18(2) 0.21(2) 0.150(6)  0.160(4)
0.13(3) 0.16(2) 0.22(2) 0.147(5)  0.159(4)

0.11(5) 0.18(2) 0.22(2) 0.148(9)  0.171(3)
0.12(4) 0.19(2) 0.20(2) 0.152(8)  0.187(3)
0.17(4) 0.20(2) 0.20(1) 0.153(6)  0.185(5)
0.10(6) 0.21(2) 10.23(2) 0.155(7)  0.172(6)
0.14(2) 0.17(2) 0.20(3) 0.150(5)  0.175(6)
0.17(4) 0.20(2) 0,24(2) 0.156(4)  0.167(7)
0.18(3) 0.20(2) '0,25(2) 0.148(4)  0.181(9)
0.13(5) 0.18(2) 0.27(2) 0.148(6)  0.185(8)
0.13(4)  0.19(2) 0.20(2) 0,156(5)  0.173(7)
0.15(3)  0.17(2) 0.19(2) 0.151(7)  0.168&(5)
0.15¢4) 0.18(2) 0.23(2) 0.147(6) 0.161(3)
0.17(4) 0.23(2)  0.26(2) 0.174(7)  0.197(6)
0.15(3) 0.21(4) 0.32(2) 0.165(6)  0.213(10)
0.16(4) 0.24(2) 0.31(2) 0.150(6)  0.216(7}
0.14(3) 0.25(2) 0.30(2) 0.161(7)  0.245(6)
0.20(2) 0.21(3) 0.26(2) 0.178(5)  0.205(6)
0.14(2) 0.20(4) 0.23(2) 0.157¢6)  0.163(4)
0.16(5) 0.20(2) 0.23(2) 0.177¢10)  0.192(4)
0.14(6) 0.25(2) 0.25(2) 0.164(9)  0.212(5)
10.16(4) 0.22(2) 0.30(3) 0.156(8)  0.214(5)
0.17(2) 0.22(4) 0.26(2) 0.165(6)  0.234(5)
0.16(5) 0.22(3) 0.26(3) 0.179¢7)  0.195(9)
0.13(7) 0.24(2) 0.28(2) 9.184(10)  0.192(7)
0.15(4) 0.17(2) 0.28(2) 0.170¢6)  0.182(7)
0.15(6) i 0.25(2) 0.32(2) 0.168(5) 0.185(11)
0.21(2) 0.25(4) 0.40(1) 0.167¢6)  0.256(10)
0.19(2) 0.24(2) 0.34(1) 0.176(4)  0.246(5)
0.18(4) 0.28(2) 0.34(1) 0.174(8)  0.269(7)

" AXIS 3

- 0.176(1)

0.175(4)
0.133(5)
0.175(6)
0.196(7)
0.206(5)
0.178(4)
0.180(5)
0.198(4)
0.274(S)
0.268(5)
0.198(5)
0.186(5)
0.206(5)
0.242(5)
0.287(5)
0.297(6)
0.257(6)
0.240(6)
0.206(6)
0.205(5)
0.256(6)
267(7)
.247(8)
240 (&)
.248(4)
.216(5)
.242(3)
.374(3)
.307(4)

0
0
0
0
0
0
0
0
0.328(3)
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TABLE 8

b s

[+
Bond Lengths (A) in TPP[Re(CO)3]2
and TPP[Tc(CO)

TYPE TPP [Re(CO)3]2
M-N(1) 2.168(9)
M-N(2) 2.382(9)
N-N(2) © 2.407(10)
M~C(23) 1.869(16)
M-C(24) 1.854(16) :}—1.855(13)
M-C(25) 1.847(19)
; N(1)-C(1) 1.377(15)
| N(1)-C(4) 1.376(14) j]'1'377‘1)
f c(1)-C(2) 1.424(18) :]_
3 C(3)-C(4)  1.420(20) 1.422(3)
i 3)-c(10) € 1.392(15) T
| C(4)-C(5) 1.36706) 138007
| C(2)-C(3) 1.336(14)
§ . N(2)-C(6) 1.403(18) 7]
E . N(2)-C(9) 1.428(17) _*-4160D)
¥ C(6)-C(7) 1.400(17) ,
: C(8)~C(9) 1.390(14) ::L1'395(7)
C(5)-C(6) 1.422(21) .
C(9)-C(10)  1.391{19) i:}l'“OG(ZZ)
C(7)-C(8) 1.344(22)
c(5)-C(11) 1.490(15)
cao)-cl7)  1.507(17)  _J1-499Q12)
C(11)-C(12)  1.416(18) ™
C(11)-C(16)  1.370(21)
C(12)-C(13)  1.364(20)
C(13)-C(14)  1.355(24) ‘
C(14)-C(15)  1.320(22)
C(15)~C(16)  1.385(18)
C(17)-C(18)  1.359(24)  [1.367(26)
C(17)-c(22)  1.363(19)
C(18)-C(19)  1.391(20)
C(19)-C(20)  1.374(22)
iiﬁnuﬁnnﬁr—~»jmﬂ.ﬂh. -

3]2

a,b

| TPP[Tc (CO)

.161(2)
.393(2)
J414(2)
+911(4)
.881(4)
.884(4)
+356 (4)
.362(3)
444(5)
.439(5)
«391(4)
.389(4)
.342(4)
.418(4)
414 (5)
412 (4)
«419(4)
.400(5)
.400(5)
+339(6)
.500(4)
.502(4)
«375(5)
.378(5)
.386(5)
«369(6)
.363(6)
.390(5)
.389(6)
.378(5)
+381(6)
1.362(6)

P T T T T T Y T T TR I R T R O R I S B L

3l

F1.892(17)

-
——

1.359(4)

i}i.442(4)
t}1.390(2)

j]1.416(3)

:}1.416(5)
:}1.400(1)

-1.501(1)

It

~1.377(9)
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TABLE 8 (CONTINUED)

L

C(20)-C(21)  1.339(26) 1.373(7) B
c(21)-c(22)  1.373(20) | 1.377(6) J
€(23)-0(1)  1.158(20) " 1.144,(5) T 1 4
C(26)-0(2)  1.156(19) |- 1.162(9) 1.147¢4) |- 1.146(2) 1]
C(25)-0(3)  1.172(23) | 1.147(5) i -
M 3.126(1) 3.101 (1) | 5
M-y © 3.230(3) 3.208(3) 4
cedx@) 2.263(12) 2.253(3) §
cv—x(z)gf -1.814(16) 1.836(4) ;
Ce-2 (1) 3.212(14) 3.183(4) i
Ce-C(4) 3.216(14) } 3.214(3) 3.191.(4) ]’ 3.189(8) é
() 2.592(12) © 2,922(3)
CE=C(9) 2.914(12) [ 2-903019) 2.927(3) ]" 2.924(6)
ce-c(5) 3.446(12) 7 3460 :
CE~C(10) 34602y [ 34450 3.443(4) :}‘ 3.442(1) Cog
N(1)-N(2) 2.896(15) ] 2.909 (4) bog
NO)-R(D)'e  2.903(14) J 2+700(H) 2.904 (3) } 2.907 () o
a. Some nonbonding distances of ivtcrest are also given, ; {f

b. "For averaged values, the figures in parentheses are the é .5
r.m.s. standerd deviations., ‘ E ';

c. Frimed atoiis related to wmprimed by the svmmetry operation / [

.A x'=-x, y'r-y, z's-z, % :

d. Ct = center uf porphyrin rirg. % ?

3

3

] i
b

. - o
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TABLE 9

Bond Angles (deg) in TPP[Re(CO)slz,and 'fPP[Tc(CO)3]2a

Angle .

N(1)-M-N(2)
N(1)-M-N(2) 'P

. N(1)-M-C(23)

N(1)-M-C(24)
N(1)-M-C(25)
N(2)-M-N(2) P
N(2)-M-C(23)
N(2)-M-C(24)

N(2)-M-C(25)

N(2) S-M-C(23)
N(2) P-M-C(24)
N(2) P-y-C(25)
c(23)-M-C(24)

. €(23)-M-C(25)

€(24)-M-C(25)
M-N(1)-C(1)
M-N(1)-C{4).
C(1)-N(1)-C(4)
M-N(2)-C(6)

M-N(2)-C(9)

€(6)-N(2)-C(9)

M-N(2) oc(6)
-N2)® -c(9) P
N(1)-C(1)-C(2)
N(1)-C(4)-C(3)

TPP[Re(CO)3]2

79.0(4)
78.6(4)
275.7¢7)
95.4(5)
94.8(6)
98.5(4)
98,3(5)
171.1(5) .
84.5(5),
98.6(6)
87.0(5)
172,0(7)
87.6(7)
88.3(8)
89.2(6)
125.9(7) -
124.,9 (8)
106.6 (10)
110.0(9)
129.1(7)
104.5(¢)
125.7(3) ,
107.2(8)

107.9(9)
108.7(11)
: 109.5(10J

TPP[Tc(CO)3]2

79.2(1)
78.6(1)
176.5(2)
95.4(1)
94,8(1)
99.6(1)
99.2(2)
171.0(1)
84.6(1)
98.7(1)
86.3(1)
171.3(2)
86.6(2)
88.0(2)
88.6(2)
125,3(2)
125.0(2)
107.2(2)
110.5(2)
129.6(2)
104.3(2)
125.1(2)

107.9(2)

3

109.4(2)
:] 109.3(2)

109.1(2)
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b
N(1)-C(1)-C(10)
N(1)-C(4)-C(5)

.c(z)-cu)-c(lo)'b
-€(3)=Cc(4)-C(5)

c(1)-c(2)-c(3)
€(2)~C(3)-C(4)
N(2)-c(6)-C(7) '
N(2)-C(9)-C(8)
N(2)-C(6)-C(5)
N(2)-C(9)-C(10)
€(5)-C(6)-C(7)
c(8)-C(9)-C(10)
€(6)-C(7)-C(8)
€(7)-c(8)-C(9)
C(4)-C(5)-C(6)
€(9)-C(10)-c(1) P
C(4)-C(5)-C(11)
€(6)-C(5)-C(11)
¢(1) ®~c(10)-c€17)
C(9)-C(10)=C(47)
€(5)-C(11)~-c(12)
C(5)-C(11)-C(16)
¢(10)-C(17)-C(18)

€(10)-c(17)-c(22)

121.5(12)
122.2(12)
130.5(11)
127.7(10)
108.9(11)
106.8(11)
109.8(13))
108.4(11) |
129.9(10)"
129.7(9) _
120.3(12)"
121.9(12) |
107.8(11)"
109.6(12)_
124.6 (11)-

125,0(11) |
118.4(12)-
116.9(10)

115.7(12) |

119.3(9) o
120.7(12)7
122.2(11)
120.0(12)

121.8(14) -

“TABLE.9 (CONTINUED)
]121.9'(5)
]129.1(20)

}107.9 (15)

109.1(10)

121.1(11)

108.7(12)

124.8(3)

117.6(16)

121.2(10)

123.1(3) -
123.0(1)
123,0(3) -

127.2(3) 7
127.4(2)
127.5(3) -

106.7(3) .
107.0(4)
107.3(3) J

199.4(3) 7
109,3(1)
109.3(3) . '

129,3(2) 9
129.0(4)

128.7(2)
121.4(3)
151.9(3)

108.6(3)
] 108.5(2)

] 121.7(4)

108.3(3)

124.8(3)7
124.7(1)
124.6(3)

-

117.8(3)-

117.20) | 117.6(8)

116.8(3)

118.6(2)4
120,.8(3) =
120.5(3)

120.7(13)
120.4(3)

119.2(3) -

S A R a1 by i e oy 00 S e L




c(12)-c(11)-C(16)

C(11)-c(12)-c(13)
C(12)-C(13)-C(14)
€(13)-C(14)~-C(15)
C(14)-C(15)-C(16)
€(15)-c(16)-C(11)
€(18)-C(17)-C(22)
C(17)-C(18)-C(19)
c(18)~-C(19)-C(20)

€(19)-C(20)-C(21)

C(20)-c(21)-C(22)
C(21)-C(22)-C(17)
M-C(23)-0(1)
M-C(24)-0(2)
M-C(25)-0(3)

TABLE 9 (CONTINUED)

117.1(11)]
119.8(14)
120.3(14)

121.6(12);
119.7(15)?
121.3(13)!
118.2(13)
120.8(13)
119.1(16)
120.3(14)
119.8(14)

121.7(16).
176.3(16)
178.6(13)

178.5(131J

120.0(13)

177.8(13)

177.3(3)

118.7(3)
121.1(4)
119.3(4)
120.5(4)
120,0(4)
120.4(3)
118.4(3)
120.0(3)
120,7(4)
119.9(4)
119,8(4)
121.2(4) .
176.6(4)7

179.3(4) -

120.0(9)

177.7(13)

" a. For averaged values, the figures in parentheses are the r.m.s. standard deviations.

b, Primed atoms related to unprimed by the symmetry operation x' = -x, y' w -y, z' = <2

/
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TABLE 10

. [ ]
A. Deviation (A) from Least-Squares Planes for '1'}.’1’[Re(C0)3]2 and 'I‘I’P[Tc(co)3]2

Plane 1 Plane 2 Plane 3
(4 pyrrola N) (pyrrole 1) (pyrrole 2)
Rg Te Re Tc Re Te
M -1.429 -1.419 0.666 0.647 1.326 1.314
NQ, 9.0 0.0 0.024 0.022 0.133 0.139
N‘2) 0.0 0.0 ~0.896 -0.904 -0.011 -0.007
c(1) 0.379 0.360 -0.024 -0.013 -0.240 -0.216
c(2) 0.891 0.917 0.016 ~0.001 -0.538 -0.552
c(3) 0.909 0.904 -0.001 0.013 -0,438 -0.418
c(4) 0.369.  0.373 -0.015 -0.022  -0.036 ~0.030
- ¢(5) 0.345 0.357 ~0.206 ~0.219 0.028 0.031

c(6) 0.204 0.221 ~0.639 -0.652 0.009 0.006 ;
c(?) 0.275 0.288 ~0.885 -0.900 -0.004 ~0.003 I
c(8) 0.093 0.103 -1.261 -1.275 -0.003 -0.002 §
c(9)  -0.094 -0.089 -1.268 -1.278 0.004 0.006 ﬁ
C(10) -0.288  -0.294  -10636  -1.645  -0.006  =-0.008 §
N(1)'8 - 0.0 0.0 -1.817  -1.828 - - |
N(2)'8 0.0 0.0 - - -0.330 -0.339

8. Primed atoms related to unprimed by center of symmetry.




TABLE 10 (Continued)
B. INTERPLANAR ANGLES (in deg)

E.
&
¢
i
i

) 2 3
Plane | Re Te Re Te | Re Te Re Te

2 | 24,0 24,2 — —

3 9.2 9.5 17.0 17.0 — _

4 |82.5 ° 82.8 | 63.7  63.9 9.5  79.6

5 | s4.6 54.3 72.6 72.6 63.7  63.% 88.5 88.2

Plane 1: 4 Pyrrole nitrogen atoms ‘
Re: 7.198x - 13,017y - 2.972z = 0.0 |
Te: 7.223x% - 12,966y - 2.954z = 0.0 ,,

. {d

Plane 2: Pyrrcle Ring 1 [N(1), C(1) - C(4)] &
Re: -9.696x + 8.726y + 6.606z = 0.8962 L
Tes -9.751x + 8.650y + 6.628z = 0.9032 E‘s

Plane 3: Pyrrole Ring 2 [N(2), C(6) - C(9)] f

A

Re: =7.645% + 12.347y + 4.727z = 0.1702 g
Te: ~7.689x + 12,272y + 4,768z = 0.1731

Plane 4: Phenyl Ring [C(11) - C(16)] _ﬁ
Re: 10.317x + 8.127y - 4.536z = -0.5543 :
Te: 10.328x + 8.165y - 4.527z = -0.5606 |

Plane 5:  Phenyl Ring 2 [C(17) - C(22)] g
Re: 3.065x - 8.340y + 7.115z = -0,1750
Te: 3.084x - 8.368y + 7.091z = -0.1857 |

Note: All planes are unweighted. x,y,z are in monoclinic fractional coordinstes.

’
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